UNIVERSITI MALAYSIA PAHANG

DECLARATION OF THESIS AND COPYRIGHT

Author's full name

Date of birth
Title

Academic Session

AQEEL SAKHY JABER

20-04-1977

HYBRID INTELLIGENT METHODS FOR
PARAMETER IDENTIFICATION AND LOAD
FREQUENCY CONTROL IN POWER SYSTEM

Sep 2011- Nov 2014

| declare that this thesis is classified as:

[ ] CONFIDENTIAL

[ ] RESTRICTED

[ ] OPENACCESS

(Contains confidential information under the official secret

Act 1972)

(Contains restricted information as specified by the organization
where research was done)

| agree that my thesis to be published as online open access
(Full text)

I acknowledge that Universiti Malaysia Pahang reserves the right as follows:

1. The Thesis is the Property of Universiti Malaysia Pahang

2. The Library of Universiti Malaysia Pahang has the right to make copies for the purpose

of research only.

3. The library has the right to make copies of the thesis for academic exchange.

Certified By:

Student's Signature
G2009346

Signature of Supervisor
Dr. ABU ZAHARIN BIN AHMAD

New IC / Passport Number Name of Supervisor

Date:

Date:




HYBRID INTELLIGENT METHODS FOR PARAMETER IDENTIFICATION AND
LOAD FREQUENCY CONTROL IN POWER SYSTEM

AQEEL SAKHY JABER

Thesis submitted in fulfilment of the requirements
for the award of the degree of

Doctor of Philosophy in Electrical Engineering

Faculty of Electrical and Electronic Engineering
UNIVERSITI MALAYSIA PAHANG

NOVEMBER 2014



Supervisor’s Declaration

I hereby declare that | have read this thesis and in my opinion this thesis is
sufficient in terms of scope and quality for the award of Doctor of Philosophy of

Engineering (Electrical).

Signature:

Name of Supervisor: Dr. Abu Zaharin Bin Ahmad.
Position: Senior Lecturer

Date

Signature:

Name of Co-supervisor: Dr. Ahmed N. Abdulla.
Position: Associate Professor

Date



Student’s Declaration

All the trademarks and copy rights used herein are property of their respective
owners. References of information from the sources are quoted accordingly; otherwise

the information presented in this report is solely work of the author.

Signature:
Name: Ageel Sakhy Jaber
ID No: PEE11004

Date: 2014



viii

TABLE OF CONTENTS

Page
SUPERVISOR’S DECLARATION ii
STUDENT’S DECLARATION ii
DEDICATION v
ACKNOWLEDGEMENTS %
ABSTRACT Vi
ABSTRAK vii
TABLE OF CONTENTS XV
LIST OF TABLES Xiii
LIST OF FIGURES XV
LIST OF NOMENCLATURES Xix
LIST OF ABBREVIATIONS XXi
CHAPTER 1 INTRODUCTION
1.1 Introduction 1
1.2 Problem Statement 3
1.3 Thesis Objectives 5
1.4 Thesis Scope 5
1.5 Contribution 6
1.6 Thesis Organization 6
CHAPTER 2 LITERATURE REVIEW
2.1  Introduction
2.2 Load Frequency Control
2.2.1 Instability Concept in Power System
2.2.2 General Types of power system Instability 10
2.2.3 Controls at Different Operating States 11
2.2.4 Fundamental Frequency Control Loops 12

2.2.5 Levels of frequency control 13



2.3

2.4

2.5

2.6

CHAPTER 3 MODEL PARAMETER IDENTIFICATION USING PSO

2.2.6 Power system LFC models

2.2.7 Control Technique

2.2.8 LFC Scheme with DC Links

Parameter Estimation

2.3.1 Definition of Parameter Estimation

2.3.2 Practical Parameter Identification

2.3.3 Estimation Methods

2.3.4 Power System Identification

2.3.5 Previous Studies on Parameter Estimation

2.3.5.1 Conventional Parameter estimation
for the linear-in-the-parameters
models

2.3.5.2 Parameter estimation for the
nonlinear- in-the-parameters
models

2.3.5 Methods to Validate Models
Particles Swarm Optimization

2.4.1 Particle Swarm Optimization Algorithm
Features

2.4.2 PSO Mathematical Model
2.4.3 The particle swarm Applications

2.4.4 The pseudo code for the normal Particle
Swarm Optimization in its standard

2.4.5 Enhancement of PSO
Fuzzy Logic Controllers

2.5.1 Fuzzy PD/ PID/PI controller
2.5.2 Fuzzy control techniques
Summary

SEGMENTATION (SePSO) METHOD

3.1

3.2

Introduction
Model of Interconnected Power System Areas

3.2.1 Governor Turbine Model

15
16
25
26
26
28
29
32
33
34

36

37
37
38

39
41
42

42
46
47
48
51

52

52

53



3.3

3.4

3.2.2 Tie Line Model
3.2.3 Control Area Modeling
Proposed SePSO Method

Summary

CHAPTER 4 LOAD FREQUENCY CONTROLLERS

4.1

4.2

4.3
4.4

4.5

4.6

Introduction
Scaled Fuzzy Controller

PSO Scaled Fuzzy Controller

Hybrid of Conventional with Scaled Fuzzy
Controllers

4.4.1 Hybrid of Fuzzy PI with PD Controllers
4.4.2 Hybrid of Fuzzy PD With PI Controllers

Mirror Fuzzy Controller

Summary

CHAPTERS RESULTS AND DISCUSSIONS

5.1

5.2

Introduction
Identification Method

5.2.1 System Description of Single Area Power
System

5.2.2 Single Area Identification Result

5.2.3 Validation of SePSO in Single Area
5.2.3.1 Disturbance Changing
5.2.3.2 PID Changing

5.2.4 System Description of Four Area System
Power

54
55
57

60

62
62
64
67
67
68
69

76

78

78

78

80

84

84

85

86



Xi

5.2.5 Four Areas ldentification Result 88

5.2.6 Validation of SePSO in Four Area 89
Results of Load Frequency Control 91
5.3.1 Two Areas Load Frequency Control System 91
Description
5.3.2 Results of Scaled Fuzzy Controller 91
5.3.2.1 Parameter Gain of Two Areas LFC 92
5.3.2.2 Results of Two Area Scaled Fuzzy-PI 92
Controller
5.3.2.3 Parameter Gain of Four Areas LFC 98
5.3.2.4 Results of Four Areas Scaled Fuzzy- 97
P1 Controller
5.3.2.5 Results of Tie Line Deviation 98
5.3.2.6 Results of Two Area Scaled Fuzzy- 100
PD Controller
5.3.2.7 Results of Four Areas Scaled Fuzzy- 101
PD Controller
5.3.2.8 Results of Tie Line Deviation 102
5.3.3 Second LFC Method (Hybrid of Conventional 103
with Scaled Fuzzy Controllers)
5.3.3.1 Hybrid of Pl with Fuzzy PD 104
Controllers
5.3.3.2 Results of Frequency Deviation of 105

Hybrid P1 with Fuzzy-PD Controllers
in Two Area Power System

5.3.3.3 Results of Frequency Deviation of 107
Hybrid PI with Fuzzy-PD Controllers
in Four Area Power System

5.3.3.3 Hybrid of PD with Fuzzy-PI 108
Controllers
5.3.3.4 Results of the Frequency Deviation 109

of Hybrid PD with Fuzzy-PI
Controllers in Two Area Power
System

5.3.3.5 Results of Frequency Deviation of Pl 112
with Fuzzy-PD Controllers in Four



Area Power System
5.3.4 Last LFC Method (Mirror Fuzzy Controller)
5.3.4.1 Results of LFC Mirror Fuzzy

Controller in Tow Area Power
System

5.3.4.2 Results of LFC Mirror Fuzzy
Controller in Four Area Power
System

5.4 Summary

CHAPTER6 CONCLUSION AND RECOMMENDATIONS

6.1 Conclusion

6.3 Future Recommendations

REFERENCES

APPENDICES

A PSO Algorithm

B Fundamentals Of Fuzzy Logic Control
C GA Algorithm
D

Publications

Xii

113

114

118

122

123
124

126
140
140
143
158
162



Table No.

2.1
4.1
4.2
4.3
5.1
5.2
5.3
5.4
5.5
5.6
5.7
5.8
5.9
5.10
5.11
5.12

5.13
5.14
5.15
5.16

5.17
5.18

5.19
5.20

5.21
5.22

LIST OF TABLES

Title

Advantage and disadvantage of the methods
Fuzzy controller rules

Five fuzzy controller rules

Seven fuzzy controller rules

Parameter initial values

Parameter segments

Comparison performances

Parameter values

Optimal segment parameters

Execution time

PID parameter values

Parameter values

System data

PID Controller value

Values Gin1, Ginz and Goy for Scaled Fuzzy controller

Comparison of Scaled Fuzzy-PI ,classical fuzzy,and
conventional PID controller in two area power system
P1 Controller values

Scaled Fuzzy-PI parameter values
Frequency response comparison in four areas

Power transfer response comparison of Scaled Fuzzy-PlI
controller and conventional PI controller in four areas
Effectiveness of adding P1 controller

Comparison of fuzzy-PD+PI, Scaled Fuzzy-PI and PID
controllers
Effectiveness of adding PD controller

Comparison of PD+fuzzy-Pl, Scaled Fuzzy, and PID
controllers
Scaled Fuzzy gain value

Optimal mirror gains

xiii

Page

51
65
75
75
79
79
81
81
82
84
85
89
91
92
92
96

96
97
98
100

105
107

109
112

114
114



5.23
5.24

5.25
5.26
5.27

LFC Fuzzy Mirror response

Undershoot value in two areas
Settling time value in two areas
Undershoot value in four areas

Settling time value in four areas

Xiv

118
120

120
121

121



Figure No.

2.1

2.2

2.3

2.4

2.5

2.6

2.7

2.8

2.9

2.10

2.11

2.12

2.13

2.14

2.15

3.1

3.2

3.3

LIST OF FIGURES

Title

General structure for power system controls

Progressive power system response to a serious disturbance

Schematic block diagram of a synchronous generator with

basic frequency control loops

Parameter Estimation

Illustration of Hierarchical operation
RTO and advanced control Structure
Adaptive System Identification
Adaptive Noise Cancellations
Adaptive Inverse System

Basic Steps of System Identification
New steps for position and speed
GA-PSO optimization method

Parallel implementation of PSO algorithm

Fuzzy system block diagram

Step response

Governor Turbine Model

Model Of Tie-Line Power System Area

Multi area power system

XV

Page

10

12

27

28

29

30

31

32

34

40

44

45

46

48

53

55

57



3.4

3.5

4.1

4.2

4.3

4.4

4.5

4.6

4.7

4.8

4.9

4.10

411

412

4.13

4.14

5.1

5.2

5.3

5.4

5.5

5.6

Global and local optimal points

SePSO method

Scaled fuzzy controller

Scaled Fuzzy-PI controller diagram

Scaled Fuzzy-PD controller diagram

Membership function for input & output of fuzzy controller
scaled fuzzy parameter using PSO

Fuzzy PI / conventional PD controller

Fuzzy PD / conventional PI controller

Memberships (a) Ideal memberships (b) Controller memberships
Mirror light vector

Different angle cases (a) zero angle (b) negative angle

Mirror reflections for two memberships (a) Real controller morel
(b) Supposed Ideal model

Member ship functions a) Controller memberships b)Supposed
ideal memberships

Mirror controller for five memberships
Mirror gine optimazation by PSO

Comparison the real frequency response with the other
identification methods

T, at first segment of B and second segment of R

T4 behavior at 3rd segment

T4 behavior at optimal segment Figure

Frequency response comparison at 0.7 p.u step signal

Frequency response comparison at 0.3 p.u step signal

XVi

58

59

63

64

65

66

66

67

68

69

70

71

72

73

74

76

80

82

83

83

84

85



5.7

5.8

5.9

5.10

5.11

5.12

5.13

5.14

5.15

5.16

5.17

5.18

5.19

5.20

5.21

5.22

5.23

5.24

5.25

5.26

5.27

5.28

5.29

Case 1
Case 2

Four-area interconnection power system

Frequency response comparison of multi area system at 10% step

signal

Frequency response comparison of multi area system at 50% step

signal

Frequency response comparison of multi area system at 0.5 p.u

step signal

Frequency deviations of 15% load change in 2 areas
Frequency deviations of 25% load change in 2 areas
Frequency deviations of 35% load change in 2 areas
Frequency deviations of 45% load change in 2 areas
Frequency deviations of 10% load change in 4 areas
Frequency deviations of 50 % load change in 4 areas
Tie power transfer of 10% load change in 4 areas

Tie power transfer of 50% load change in 4 areas
Frequency deviations of 20% load change in 2 areas
Frequency deviations of 40% load change in 2 areas
Frequency deviations of 20 % load change in 4 areas
Frequency deviations of 50 % load change in 4 areas
Tie power transfer of 20% load change in 4 areas

Tie power transfer of 40% load change in 4 areas

The effectiveness of adding PI controller

Frequency deviations of 10% load change in 2 areas

Frequency deviations of 30% load change in 2 areas

XVii

86

86

87

93

93

94

95

97

98

99

99

100

101

102

102

103

103

104

105

106



5.30

5.31

5.32

5.33

5.34

5.35

3.36

5.37

5.38

5.39

5.40

541

5.42

5.43

5.44

5.45

Frequency deviations of 50% load change in 2 areas
Frequency deviations of 10% load change in 4 areas
Frequency deviations of 30% load change in 4 areas
The effectiveness of adding PD controller
Frequency deviations of 15% load change in 2 areas
Frequency deviations of 25% load change in 2 areas
Frequency deviations of 45% load change in 2 areas
Frequency deviations of 10% load change in 4 areas
Frequency deviations of 40% load change in 4 areas
Frequency deviations of 10 % load change in 2 areas
Frequency deviations of 20% load change in 2 areas
Frequency deviations of 30% load change in 2 areas
Frequency deviations of 5% load change in 2 areas
Frequency deviations of 2.5% load change in 2 areas
Frequency deviations of 10% load change in 4 areas

Frequency deviations of 40% load change in 4 areas

XViii

116

108

108

109

110

111

111

113

113

115

116

116

117

117

119

119



C1, C2

d(n)

Gincr
Gll GZ;---, Gincr
Ginl, Gin2

K(s)

L1, L2 L,
LN

LP

M(p)

M(s)

MN

MP

n(t)

P9

Pi

Pincr

Pi1s Pi2.s Pincr
R

r, rp

LIST OF SYMBOLS

Participation factors

big

Frequency bias

acceleration coefficients

damping coefficient

desired result

errors

length gain

social acceleration coefficient
random number uniformly distributed in [0, Ging].
input gain

output gain

turbine governor transfer function
equivalent inertia constant
dynamic controller

horizontal distances

large negative

large positive.

parametric model
governor—turbine dynamic model
medium negative

medium positive

input noise

global best positions

local best positions

cognitive acceleration coefficient
random number uniformly distributed in [0, pincr]
droop characteristic

random numbers between 0 and 1.

small

XiX



SN
SP
Tj
u(n)
u(®)
VB
Vi, Viz, ., Vid
Vmax
VS
VVB
w(n)
Xij
x(n)

Xiy Xi1y Xj2, - » Xjd

y(n)
y()
ym(t)
z
B,0,0
Ae
Af
APc
AP_
APy,
APp
APrie

small negative

small positive

tie-line synchronizing coefficient with area j
desired output

input signal

very big

velocity of the i particle
maximum velocity value

small

very very big

adaptive transfer function configuration
reactance

input of in the implementation
position of the particle

actual output

system output

output from the parametric model
zero

triangular angles

change of error

frequency change

supplementary control action
power load change

governor valve position

primary control action

net tie-line power flow

class for models

inertia weight parameter

XX



ACE
AFRC
AGC
AGPM
Al
ANN
BES
CES
FD
GAs
GRC

HVDC
IGBT
ISE
ITAE
LFC
LMI
LQG
LSE
MLE
MOO
MSF
PD
PI
PID
PSO
PV
RBF
RTO

LIST OF ABBREVIATIONS

Area Control Error
Automatic Frequency Ratio Control
Automatic Generation Control

Augmented Generation Participation Matrix

Artificial Intelligence

Artificial Neural Network
Battery Energy Storage
Capacitive Energy Storage
Figure Of Demerit

Genetic Algorithms

Generation Rate Constraint
Robust Controller

High Voltage Direct Current
Insulated Gate Bipolar Transistor
Integral Square Error

Integral Of Time Of Absolute Error
Load Frequency Control

Linear Matrix Inequality

Linear Quadratic Gaussian

Least Square Estimator
Maximum Likelihood Estimator
Multi-Objective Optimization
Multi-Stage Fuzzy

Proportional Plus Derivative

Proportional Plus Integral

Proportional, Integral And Derivative

Particle Swarm Optimization
Photovoltaic
Radial Biased Function

Real-Time Optimization

XXi



SA
SePSO
SMES
SOFLC
SVC
WLS

Simulated Annealing

Segmentation of Particle Swarm Optimization
Super Conducting Magnetic Energy Storage
Self Organizing Fuzzy Logic Control

Static Var Compensator

Weighted Least Squares

XXii



Vi

ABSTRACT

The accuracy of the parameter identification of power system model and efficiency of
frequency control are part of the challenging work in power system operation and
control area. Whereas, the complexity and high non-linearty of the power system model
have led to the continuing research for improvement that still extensively active,
especially for load frequency control (LFC). Generally, LFC is responsible to maintain
the zero steady-state errors in the frequency changing and restoring the natural
frequency to its normal position. Many methods have been proposed and implemented
in identification of power system and LFC, however, they may not be appropriate. For
example, the classical methods for parameter identification (LSE and MLE), the
classical methods for LFC (PI, PD and PID) and the intelligent methods (fuzzy logic,
neural network, genetic algorithm, and PSO). Thus, motivated from the topics, this
Thesis is brought to present the improvement of the parameter identification of power
system model and the response of the LFC in power system. The Thesis is divided into
two parts in accordance to the topic. Where, in the first part, the coherent identification
algorithm for single and multi-area power systems with disturbances is proposed. A
new method from the improvement of Particle Swarm Optimization (PSO) is developed
in order to find the best global optimal value. Meanwhile, part two presents three
developed control methods for FLC from the improvement of fuzzy control (named as
scaled fuzzy using PSO, parallel conventional PI/PD with Scaled Fuzzy PI/PD and
Mirror Fuzzy controller) by adapting the utilization of PSO to optimize the scaled gain
of fuzzy controllers. These proposed control methods in LFC will be examined and
verified in two and four areas power system. The outcomes of the proposed parameters
identification and LFC control methods are presented the results through simulation
using Matlab by making a comparison on the frequency transient response. Various
analyses are shown and the discussions on the results are done appropriately. Lastly,
the Thesis is given the concluding remarks and the contributions which can be specified
into two, a modification of PSO for parameters identification named as PSO
segmentation and a new fuzzy control named as a Mirror Fuzzy controller for LFC.
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ABSTRAK

Ketepatan pengenalan sistem kuasa dan kawalan adalah salah satu cabaran utama untuk
dunia terutamanya yang sangat kompleks atau sistem tak lelurus seperti Kawalan
Beban Frekuensi ( LFC ). LFC bertanggungjawab untuk mengekalkan sifar ralat
keadaan mantap dalam kekerapan berubah dan mengembalikan frekuensi semula jadi
untuk kedudukan asal . Sebagai contoh, kaedah Kklasik untuk mengenal pasti parameter
(LSE dan MLE), kaedah klasik untuk LFC (PI, PD dan PID) dan kaedah pintar (logik
kabur, rangkaian neural, algoritma genetik, dan PSO). Tesis ini dibahagikan kepada dua
bahagian mengikut topik . Dalam Bahagian 1, kita hadir koherensi berasaskan
algoritma pengenalan untuk membina kawasan tunggal , dan pelbagai sistem kuasa ,
dengan menggunakan ayunan frekuensi antara kawasan dominan berikutan gangguan
dalam sistem. Salah satu masalah utama dalam analisis dinamik dan kawalan sistem
kuasa adalah analisis sistem fenomena fana daripada data pengukuran terhad. Dalam
tesis ini semula kaedah yang membangunkan untuk mengenal pasti model
menggunakan segmentasi PSO .Dalam Bahagian 2, tiga kaedah membangunkan untuk
mengawal kekerapan , salah seorang daripada mereka adalah dengan menggunakan
gabungan PSO dan kawalan logik kabur teknik (FLC ), yang dipanggil PSO- Skala
Kawalan Fuzzy . PSO kaedah pengoptimuman digunakan untuk memperhalusi kabur
input pengawal dan output keuntungan untuk memberikan sempadan optimum had
keahlian kabur. Kaedah ini dikaji pada dua dan empat bidang sistem kuasa.Kaedah
pertama dibangunkan untuk mendapatkan kaedah yang kedua, yang mewakili
gabungan antara Fuzzy PSO- Skala dan pengawal konvensional. Dua jenis
parallelization dalam kaedah ini ; satu adalah sambungan antara Pl Fuzzy dan PD
konvensional. Dua adalah sambungan antara PD Fuzzy dan Pl konvensional.Kaedah
ketiga juga sedang membangunkan kaedah penumbuk , PSO kaedah pengoptimuman
digunakan untuk memperhalusi kabur input pengawal dan output keuntungan sebagai
partition untuk memberikan sempadan had optimum dan bentuk segi tiga daripada
keahlian kabur. Dua bidang sistem kuasa digunakan untuk membangunkan, dan
menyiasat kaedah ini. Kaedah ini Dinamakan Mirror Fuzzy kawalan
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